The basic idea of personnel selection is to choose the best candidate for a job. Personnel selection is crucial in human resources management and also it is very important for both academicians and industrialists. Personnel selection can be a solution to a Multi Criteria Decision Making (MCDM) problem.
INTRODUCTION AND LITERATURE REVIEW
One of the most important factor in human resources management is personnel selection. Personnel Selection (PS) results from the need for employees and aims to make a proper choice for the position. In other words, Personnel Selection is a process that continues until the approriate person is chosen. Personnel selection can be described as employing somebody for a particular position. In order to be able to complete the selection process, the number of candidates should be more than the number of needed employees. After these phases, one of the applicants is selected according to criteria the organization described. Choosing the proper employee for the position is one of the most preliminary factor that can determine the success of the company.
The advantages of personnel selection are to reduce the discrimination and to prevent the selecting "inadequate" employees for a job. Therefore, organizations don't have to spend time and pay training costs required to educate and develop incorrectly placed employees.
Selecting or prioritizing alternatives from a set of available alternatives with respect to multiple criteria is often referred as multi-criteria decision-making (MCDM) [1] . Multi Criteria Decision Making (MCDM) can be used for personnel selection process. Some of the methods applied in this area are the Analytic Hierarchy Process (AHP), Analytic Network Process (ANP), Technique for Order Preference by Similarity to Ideal Solutions (TOPSIS), Fuzzy Set Theory, Expert Systems (ES), their hybrids, etc.
The purpose of this current study is to determine the best personnel to be promoted in a firm according to the prioritized personnel selection criteria defined by us. The personnel selection criteria are used from our recent research [2] . In our recent research we aimed to determine personnel selection criteria and to prioritize these criteria by using one of the Multi Criteria Decision Making (MCDM) techniques, which is Consistent Fuzzy Preference Relations (CFPR) [2] . However, CFPR method can only determine personnel selection criteria and prioritize these criteria; it cannot determine the best personnel alternative. So, the personnel selection problem is improved for this study and two MCDM methods are integrated to select the best personnel. These methods are Fuzzy Analytic Hierarchy Process (FAHP) and Grey Relational Analysis (GRA). Firstly, the importance weights of the personnel (17 alternatives) according to personnel selection criteria (22 subcriteria of 5 main criteria) [2] are prioritized using FAHP methodology. Then centroid defuzzification method is used for fuzzy importance weights. After that, GRA methodology is used for ranking of the alternatives. It cannot be found any study integrating these two techniques in personnel selection in the literature.
Many studies have been done about personnel selection by using MCDM methods in the literature [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . In the literature, GRA and other methodologies integrated with GRA have been studied extensively. Lin et al. [16] reported the use of the grey relational analysis based on an orthogonal array and fuzzy-based Taguchi method for optimizing the multi-response process. Chang et al. [17] used Grey relational grade deduced by Grey theory [18] to establish a complete and accurate evaluation model for determining who the best all-around athlete among all contestants is. Wu [19] used GRA method in Multiple Attribute Decision Making (MADM) problems. Yang and Chen [20] proposed an integrated model by combining the AHP and GRA into a single evaluation model for supplier selection in an outsourcing manufacturing organization. Kuo et al. [21] proposed a MADM method, GRA, for solving facility layout and dispatching rules selection problem. Hou [22] established an optimization model based on the basic ideal of traditional GRA method in order to get the weight vector of the attribute. Then, based on the traditional GRA method, calculation steps for solving intuitionistic fuzzy multiple attribute decision-making problems with completely known weight information were given.
Zhang and Liu [23] developed an intuitionistic fuzzy multi-criteria group decision making method with GRA for solving the personnel selection problem. Pitchipoo et al. [24] proposed a grey based decision making approach to deal with the supplier evaluation and selection in a process industry. Pramanik and Mukhopadhyaya [25] developed an intuitionistic fuzzy multi criteria group making method with GRA for teacher selection in higher education. Sofyalioglu and Ozturk [26] compared three different methods for prioritizing failure modes in a design FMEA study. These methods were traditional approach, Grey Relational Analysis (GRA-under the assumption of risk factors having equal weights) and integration of GRA and FAHP. Goyal and Grover [27] proposed a MADM method, Fuzzy Grey Relational Analysis (FGRA), for Advanced Manufacturing System (AMS) selection.
Rajesh and Ravi [28] used GRA based on linguistic assessment of supplier rating and attribute weightings for prioritizing supplier selection. Rajyalakshmi and Ramaiah [29] examined process parameters optimization of multiple response characteristics of WEDM on Inconel-825 super alloy using FGRA. Kundakci [30] proposed a scientific MCDM method using GRA for employee selection. Sari et al. [31] developed an alternative solution strategy for supplier selection problem under uncertain conditions by GRA. Pakkar [32] proposed an integration of the AHP and data envelopment analysis (DEA) methods in a multi-featured GRA methodology in which the attribute weights are completely unknown and the attribute values take the form of fuzzy numbers. Kabak and Dagdeviren [33] proposed a hybrid approach which combines ANP and GRA. To identify weights of the selection criteria and to analyze the machine selection problem, the ANP is used whilst the GRA is used for ranking.
The FAHP technique can be viewed as an advanced analytic method developed from the traditional AHP. Buckley extended Saaty's AHP to the case where the evaluators are allowed to employ fuzzy ratios in place of exact ratios to handle the difficulty for people to assign exact ratios when comparing two criteria and derive the fuzzy weights of criteria by geometric mean method [34] .
FAHP approach can be used for the evaluation and ranking of alternatives [35] [36] [37] . Buyukozkan et al. [38] proposed FAHP method to evaluate e-logistics-based strategic alliance partners. Cascales and Lamata [39] proposed FAHP for management maintenance processes where only linguistic information was available. Alias et al. [40] used FAHP technique to rank alternatives to find the most reasonable and efficient use of river system. FAHP is used also for personnel selection in the literature as an application area. Mikhailov [41] proposed a new fuzzy programming method to partnership selection problem in the basic framework of the AHP. Huang et al. [42] combined FAHP, Fuzzy Neural Networks, and Simple Additive Weighting (SAW) method to construct a new model for evaluation of managerial talent, and to develop a decision support system in human resource selection. Gungor et al. [43] proposed a personnel selection system based on FAHP to evaluate the best adequate personnel. Celik et al. [44] proposed Fuzzy Integrated Multi-stages Evaluation Model (FIMEM) for academic personnel selection. The FIMEM consisted of FAHP and Fuzzy TOPSIS. Chen [45] constructed fuzzy multiple criteria model by FAHP for employee recruitment. Sun [46] developed an evaluation model by integrating FAHP and Fuzzy TOPSIS methods for the performance evaluation. Rouyendegh and Erkan [47] examined a FAHP using triangular fuzzy numbers for selecting the most suitable academic staff. They evaluated and prioritized five candidates under ten different subcriteria.
In the Section 2 and Section 3, FAHP and GRA methodologies are explained, and in Section 4, defuzzification and centroid method are examined. In section 5, the problem is stated, the integrated FAHP-GRA methodology is described, and this methodology is applied to personnel selection. Also the results are computed in this section. The evaluation of the results is given in Section 6.
FUZZY ANALYTIC HIERARCHY PROCESS (FAHP) METHODOLOGY
In the FAHP, to evaluate the decision-makers' preferences, pairwise comparisons are structured using triangular fuzzy numbers ( , , ) as shown in Table 1 . The × fuzzy matrix can be given as in (1) . The element represents the comparison of the component (row element) with component (column element). If ̃ is a pairwise comparison matrix (1), it is assumed that the reciprocal, and the reciprocal value, i.e. 1⁄ is assigned to the element [48] [49] [50] :
Zadeh [51] introduced the fuzzy set theory to deal with the uncertainty due to imprecision and vagueness. A major contribution of fuzzy set theory is its capability of representing vague data. A triangular fuzzy number that defined as ( , , ), where ( ≤ ≤ ), denote the smallest possible value, the most promising value and the largest possible value.
The steps of fuzzy AHP can be listed as follows [34, 50, 52] :
Step 1: Determine alternatives, criteria and subcriteria to be used in the model.
Step 2: Create a hierarchy including goal, criteria, subcriteria, and alternatives.
Step 3: Evaluate the relative importance of the criteria using pairwise comparisons. Assign linguistic terms to the pairwise comparisons by asking which criterion is more important than the other with fuzzy numbers.
Step 4: Define the fuzzy geometric mean and fuzzy weight of each criterion.
where ̃ is the fuzzy comparison value of criterion to criterion , thus, ̃ is the geometric mean of fuzzy comparison value of criterion to each criterion, ̃ is the fuzzy weight of the ℎ criterion. ̃= ( ,  ,  ) . means lower, means middle and means upper values of the fuzzy weight of the ℎ criterion. Moreover, two triangular fuzzy numbers can be denoted by ( 1 , 1 , 1 ) and ( 2 , 2 , 2 ), respectively. "⊕" and "  "are the operational laws of two triangular fuzzy numbers [34] .
Addition of two fuzzy numbers is defined by
Multiplication of two fuzzy numbers is defined by
Step 5: Defuzzify and normalize the fuzzy weights.
GREY RELATIONAL ANALYSIS (GRA) METHODOLOGY
Grey system theory was proposed by [18] and was born by the concept of grey set. The major advantage of grey theory is that it is suitable to handle both incomplete information and unclear problems [24] . The Grey relational analysis uses information from the Grey system to dynamically compare each factor quantitatively [17] .
The steps of GRA are as shown below [17, 24] :
Step 1: Generation of Grey relation (Data processing):
The expected goal for each factor is determined by [53, 54] based on the principles of data processing. They are described in the following [17, 24] :
1. If the expectancy is larger-the-better, then it can be expressed by
2. If the expectancy is smaller-the-better, then it can be expressed by
where (alternatives), (criteria) [24] .
Step 2: Determination of the Grey relational coefficient:
The Grey relational coefficient can be defined as ( ) and it can be expressed as following [17, 24] :
where ∆ = ∆ ( ), ∆ = ∆ ( ), 0 * is a referenced series (the grade of local Grey relation), * is a specific comparative series (the grade of global Grey relation) and ∆ ( ) = | 0 * ( ) − * ( )|, representing the j 's absolute value of the difference of 0 * ( ) and * ( ).
Step 3: Determination of the Grey relational grade:
After obtaining the Grey relational coefficient, take the average of the Grey relational coefficient to find the Grey relational grade [17, 24] :
Step 4: Select the alternative with larger grey relational grade.
DEFUZZIFICATION AND CENTROID METHOD
There may be situations where the output of a fuzzy process needs to be a single scalar quantity as opposed to a fuzzy set. Defuzzification is the conversion of a fuzzy quantity to a precise quantity [55] .
Centroid method: This procedure (also called center of area, center of gravity) is the most prevalent and physically appealing of all the defuzzification methods [56, 57] ; it is given by the algebraic expression
here ∫ denotes an algebraic integration and z * is the defuzzified value [55] .
Centroid defuzzification method finds a point representing the centre of gravity of the fuzzy set, ′ .
Moreover, ′ = ( , , ) is a fuzzy set on ( , )    ¡ and called a triangular fuzzy number and its membership function ′ ( ):
where and stand for the lower and upper bounds of the fuzzy number ′ , respectively and for the modal value ( < < ) [34] . Namely, ′ ( ) represents a mapping which maps each element to a real number in the closed interval [0,1].
PROBLEM DEFINITION AND APPLICATION: A REAL CASE STUDY
In this section, we studied personnel selection criteria and we aimed to prioritize the personnel using integrated Multi Criteria Decision Making (MCDM) techniques, Fuzzy Analytic Hierarchy Process (FAHP) and Grey Relational Analysis (GRA). The proposed model uses the FAHP to calculate the importance weights of personnel according to personnel selection criteria (Table 1) . Then, obtained fuzzy importance weights are defuzzified by centroid method. After that, defuzzified importance weights of personnel are integrated with the GRA to prioritize the alternatives. The main steps of the integrated FAHP-GRA are as follows (Figure 1 ):
Step 1. Determine the MCDM problem.
Step 2. Determine the evaluation criteria, alternatives and experts.
Step 3. Build pairwise comparison matrices amongst the alternatives according to each criterion.
Step 4. Obtain the fuzzy weights of the alternatives for each criterion using FAHP.
Step 5. Defuzzy the fuzzy weights of the alternatives for each criterion by Centroid Method.
Step 6. Construct the integrated matrix using the defuzzified importance weights of the alternatives for each criterion.
Step 7. Rank alternatives using integrated FAHP-GRA. Step 1: Personnel selection problem for a firm in Istanbul, Turkey was chosen for this study and an integrated FAHP-GRA approach was used.
Step 2: The firm aims to promote one of the engineers with a chief-engineer position. We asked three experts from university and the firm for personnel selection. 5 main criteria and 22 subcriteria were determined according to the views of the academicians and the managers of the firm [2] . 17 alternatives were determined according to the views of the managers. Then these alternatives were weighted. For this personnel selection problem, decision criteria (main and subcriteria) can be seen in Table 2 . Step 3: All experts were asked to determine the importance weight of alternatives with respect to subcriteria based on Table 2 . The pairwise comparison matrix of subcriteria (SC11) for one expert can be seen in Table 3 . Then, pairwise comparison matrix for each subcriteria are made.
Step 4: Then the geometric mean of fuzzy comparison value of subcriteria (SC11) are calculated in Table 4 . The weighted normalized fuzzy decision matrix is also calculated according to the FAHP methodology. The respected results are reported in Table 5 . Then, the fuzzy weights of the alternatives for each subcriteria are obtained by using FAHP.
Step 5: Then, fuzzy importance weights obtained from all experts are defuzzified by centroid method in Table 6 . Then, the fuzzy weights of the alternatives for each subcriteria are defuzzified by using centroid method.
Step 6: The defuzzified importance weights of personnel according to personnel selection criteria are integrated with a GRA model in Table 7 .
Step 7: The expected goal for each personnel according to personnel selection criteria are determined using (5), (6) as shown in Table 8 . Also, an ideal standard series ( 0 ) is established in the last line in Table 8 .
The Grey relational coefficient for each personnel are calculated by (7) and shown in Table 9 .
The Grey relational grade for each personnel are calculated by (8) and shown in Table 10 . Table 5 . The weighted normalized fuzzy decision matrix of subcriteria (SC11)   A1  A2  A3  A4  A5  A6  A7  A8  A9  A10  A11  A12  A13  A14  A15  A16 Table 9 . The Grey relational coefficient for each personnel according to personnel selection criteria. 
A9
1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 According to the results shown in Table 10 , the ranking of personnel is obtained as A9>A2>A3>A4>A5>A1>A6>A7>A10>A11>A8>A13>A12>A14>A16>A15>A17. Given these results, it is fair to say that selecting Personnel A9 is the most reasonable outcome, followed by the others.
CONCLUSION
Personnel selection is crucial for business life. The aim of this paper is to determine the best personnel by using the integrated Fuzzy Analytic Hierarchy Process (FAHP) and Grey Relational Analysis (GRA) methodology. We integrated two MCDM methods to select the best personnel, namely Fuzzy Analytic Hierarchy Process (FAHP) and Grey Relational Analysis (GRA). Firstly the importance weights of the personnel according to personnel selection criteria are determined using FAHP and fuzzy importance weights are defuzzified by centroid method. Then the personnel are prioritized according to these weights using GRA methodology. The Grey relational analysis requires less data and can analyze many factors by overcoming drawbacks of statistics method [17] . As a result of the evaluation process, the ranking of the personnel is found as A9>A2>A3>A4>A5>A1 followed by the others.
The main contribution of this study is to reduce data using the integrated methodology. So, the number of transactions decreases and working on less data increases the efficiency of the results. As regards future researches, the problem could be solved by other integrated MCDM techniques.
